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SUMMARY 


Bioassays  were  used  in  a  three-phase  research  project  to  assess  the  com¬ 
parative  sensitivity  of  test  organisms  to  known  chemicals,  determine  if  the 
chemical  components  in  field  soil  and  water  samples  containing  unknown  con¬ 
taminants  could  be  inferred  from  our  laboratory'  studies  using  known  chemi¬ 
cals,  and  to  investigate  kriging  (a  relatively  new  statistical  "mapping" 
technique)  and  bioassays  as  methods  to  define  the  areal  extent  of  chemical 
contamination.  The  algal  assay  generally  was  most  sensitive  to  samples  of 
pure  chemicals,  soil  elutriates  and  water  from  eight  sites  with  known  chemi¬ 
cal  contamination.  Bioassays  of  nine  samples  of  unknown  chemical  composition 
from  the  Rocky  Mountain  Arsenal  (RMA)  site  showed  that  a  lettuce  seed  soil 
contact  phytoassay  was  most  sensitive.  In  general,  our  bioassays  can  be  used 
to  broadly  identify  toxic  components  of  contaminated  soil.  Nearly  pure  com¬ 
pounds  of  insecticides  and  herbicides  were  less  toxic  in  the  sensitive  bio¬ 
assays  than  were  the  counterpart  conmerclal  formulacions.  This  finding  indi¬ 
cates  that  chemical  analysis  alone  may  fail  to  correctly  rate  the  severity  of 
environmental  toxicity.  Finally,  we  used  the  lettuce  seed  phytoassay  and 
kriging  techniques  in  a  field  study  at  RMA  to  demonstrate  the  feasibility  of 
mapping  contamination  to  aid  in  cleanup  decisions. 
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INTRODUCTION 


The  purpose  of  using  bioassays  to  evaluate  soils,  soil  elutriates,  and 
surface  and  subsurface  water  from  hazardous  chemical  waste  sites  Is  to  pro¬ 
vide  an  Integrated  estimate  of  environmental  toxicity.  Based  on  bioassay 
data,  chemical  waste  sites  can  be  ranked  according  to  their  toxic  potential 
or  mapped  for  cleanup  operations.  Since  chemical  waste  sites  are  seldom  con¬ 
taminated  with  single  compounds,  chemical  analysis  can  be  expensive  and.  In 
fact,  uninformative  regarding  environmental  hazard.  Samolloff  et  al.  (1983) 
have  successfully  used  two  bioassays,  Salmonella  typhimurlum  (Ames)  and 
Panaqrellus  redivivus  (a  nematode).  In  concert  with  chemical  fractionation, 
to  Identify  toxic  compounds  In  cores  of  lake  sediments.  They  found  that  the 
"most  toxic  fractions  contained  none  of  the  priority  toxic  chemicals." 
Hoffmann  (1982),  also  offers  mutagenicity  testing  of  environmental  samples  as 
a  cost  effective  way  to  screen  samples.  Our  view  supported  by  data  from  this 
study  as  well  as  by  Mount  et  al.  (1984),  Is  that  several  different  bioassays 
may  be  needed  to  assess  environmental  risk. 

The  matter  of  analytic  costs  is  not  trivial.  Schaeffer  et  al.  (1982) 
report  that  costs  for  complete  chemical  analyses  of  one  sample  can  range  from 
$2000  -  $5000.  As  of  June  1,  1984,  one  commercial  laboratory  (Aquatic 
Toxicology  Division  of  Analytical  Bio-Chemistry  Labora  ories,  P.O.  Box  1097, 
Columbia,  Missouri  65205)  advertised  prices  of  $950  for  a  static  96-hour 
algal  assay  and  $650  for  a  48-hour  Daphnla  magna  test.  Our  preliminary  cal¬ 
culations  indicate  that  three  replicate  determinations  of  lettuce  seed  mor¬ 
tality  (ICO?  soil)  would  cost  about  $130  -  $150.  Thus  the  total  cost  per 
sample  depends  on  the  cliemical  analyses  needed  or  the  number  of  bioassays 
selected.  Schaeffer  et  al.  (1982)  suggest  compositing  to  reduce  the  overall 
cost.  This  proposal  merits  serious  consideration  (Skalski  and  Thomas,  1984). 
Other  cost-reducing  alternatives  include  the  assays  suggested  by  Samolloff 
(1983)  or  Hoffman  (1982).  Based  on  the  studies  discussed  in  this  paper, 
"nicrobial  assays  (e.g.,  dissolved  oxygen  and  Microtox)  may  not  be  suffi¬ 
ciently  sensitive. 
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The  objectives  of  this  study  were  to  assess  the  compurative  1=^.;  ^ftivity 
of  test  organisms  to  known  chemicals,  determine  whether  the  chemiccl  '■ompo- 
nents  in  field  soil  and  water  samples  containing  unknown  concami  could 
be  inferred  from  our  laboratory  studies  usiag  known  chemicals,  an.  0  inves¬ 
tigate  kriging  (a  relatively  new  statistical  "mapping  technique"'  jt  bioassay 
results  as  a  method  to  define  the  areal  extent  of  contamination.  In  support 
of  these  objectives,  we  first  present  data  on  the  response  of  the  organisms 
listed  in  the  Hazardous  Materials  Assessment  Team  (HMAT)  test  protocol 
(Porcella,  1983)  to  pure  chemicals  from  three  chemical  subgroups  (heavy 
metals,  insecticides  and  herbicides);,  their  response  to  waste  site  soils, 
soil  elutriates  and  water  in  an  attempt  to  identify  chemical  components  in 
samples  where  the  major  contaminants  are  known,  and  to  Rocky  Mountain  Arsenal 
(RMA)  waste  site  soils  and  waste  water  basins  where  the  chemical  constituents 
must  be  inferred  from  past  plant  operations.  Next,  we  present  the  results  of 
a  field  study  at  RMA,  designed  to  investigate  whether  bioassay  results  can  be 
used  to  prepare  a  map  of  suspected  contamination. 
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SENSITIVITY  or  5IOA5$AY$  TQ  CHrMiCAl.  SUHfjPQUPS 


METHODS 

All  ch«m1c*Ii.  wist#  sit#  soils  ind  surfic#  wittr  and  groundw«t«r  sim- 
p1«s  w#rt  assayed  using  algae,  Oaphnia,  earthworm  and  root  elongation  tests 
In  accord  with  the  procedures  described  In  the  HHAT  protocol  for 
Bioassessment  of  Hazardous  Waste  Sites  (Porcella,  1983).  The  MIcrotox  tests 
were  conducted  as  outlined  In  the  Instrument  operation  manual  (Beckman, 
1982),  while  dissolved  oxygen  depletion  rate  was  determined  using  the  method 
of  Bauer,  Seldler  and  Knittel  (1981).  Heavy  metals  (copper,  cadmium,  and 
zinc)  were  prepared  from  ACS  reagent  grade  chloride  salts  dissolved  In  deion¬ 
ized  water,  water  soluble  fractions  of  aldrin,  dleldrln  and  endrin  from 
reagents  supplied  by  Chem  Service,  Westchester,  Pennsylvania  and  the  EPA 
Repository  for  Toxic  and  Hazardous  Materials.  Aldrin  (6-152),  dleldrln 
(6-115a)  and  endrin  (5-171)  supplied  by  Chem  Service  were  99t  pure,  and  the 
reference  analytical  standards  supplied  by  the  EPA  repository  for  -.Idrln, 
dleldrln,  endrin,  chlordane,  and  heptachlor  were  certified  to  be  >975  pure 
(5000  ±250  ug/ml  methanol).  Dow  2,4-0  acid  was  945  pure,  while  their  Esteron 
99*  contained  2,4-0  at  a  concentration  of  0.485  mg/ml. 

Chemicals  supplied  by  the  EPA  Repository  were  added  to  deionized  water 
at  their  water  solubilities  (as  Identified  in  II. 5.  EPA  Water-Related 
Environmental  Fate  of  129  Priority  Pollutants  (EPA  440/4-79-029a  and  b)). 
Aldrin,  dleldrln  and  endrin  supplied  by  Chem  Service  were  added  to  deionized 
water  at  10  times  their  watir  solubility,  mixed  with  a  magnetic  spinbar  for 
4S  hrs  at  24  ±2*C,  and  fUtc-red  through  a  0.45  micron  membrane  filter  prior 
to  chemical  analysis  and  bioassessment.  Dow  Esteron  99*  and  2,4-0  were 
assayed  at  nominal  concentrations  based  on  their  respective  water  solubil¬ 
ities  (Worthing  1979).  Esteron  was  assayed  as  an  emulsion  In  deionized 
water,  while  2,4-0  was  dissolved  In  alkaline  (pH  >  10.00  with  NaOH)  deionized 
water  which  was  neutralized  to  pH  7.0  with  HCl  prior  to  bioassessment. 
Concentrations  In  excess  of  water  solubility  for  aldrin,  dleldrln,  endrin, 
2,4-0  and  Esteron  99  used  in  the  earthworm  and  MIcrotox  assays  were  prepared 
using  Spectro  grade  acetone  prior  to  assay.  Control  assays  were  run  using 
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solvent  blanks.  The  EC50  response  values  (LC50  for  earthworms)  for  each  of 
the  chemicals  investigated  were  obtained  using  methods  in  Porcella  (1983). 

4 

Average  EC50  chemical  concentrations  and  respective  coefficients  of 
variation  (CV)  from  replicate  experiments  conducted  with  each  test  organism 
and  chemical  in  a  subgroup  are  reported  in  Tables  1-3.  Statistically  sig¬ 
nificant  differences  in  ECSO  response  to  the  chemicals  within  a  subgroup  were 
observed  for  several  bioassay  organisms.  For  example,  zinc  was  significantly 
(P  <  0.01}  less  toxic  to  algae  compared  to  copper  and  cadmium  (Table  1).  In 
addition,  variances  were  sometimes  significantly  different  (P  <  0.05)  for 
repeated  assays  and  a  single  species  and  chemical  subgroup  (e.g.,  zinc  com¬ 
pared  to  cadmium  for  earthworms,  zinc  and  copper  for  wheat  root  elongation; 
variance  ratio  tv.it.  Table  31  in  Pearson  and  Hartley,  1962)  regardless  of 
whether  a  logarithmic  transform  was  used  or  not.  The  fact  that  some  mean 
ECSO  differences  and  variances  were  significantly  diffef'ent  (which  indicates 
the  bioassays  can  be  useful  in  research  studies  designed  to  detect  small  dif¬ 
ferences  due  to  metals)  led  us  to  summarize  our  data  as  ranges  (Table  4). 
This  presentation  also  facilitated  a  comparison  of  species  response  for  all 
chemicals  in  each  of  the  three  subgroups,  i.e.,  the  range  of  both  parameters 
(means  and  CV's)  for  the  heavy  metal  (copper,  cadmium  and  zinc),  herbicide 
(2,4-0,  Esteron  99*),  and  insecticide  (aldrin,  dieldrin,  eiidrin,  chlordane, 
heptachlor)  chemical  subgroups  in  Tables  1-3,  are  summarized  in  Table  4. 

Heavy  Metals 

When  the  ECSO  or  LC50  values  obtained  with  each  test  organism  for 
copper,  cadmium  and  zinc  are  compared  with  literature  values  (Table  1),  no 
important  differences  are  evident.  The  data  in  Table  1  also  show  algae  and 
Daphnia  tn  be  the  most  sensitive  to  copper,  cadmium  and  zinc,  followed  (in 
decreasing  sensitivity  or  increasing  tolerance)  by  results  from  the  Hicrotox, 
DO  *'ate  depletion,  root  elongation  and  earthworm  bioassays.  The  CV  ranges  in 
Table  1  indicate  that  the  Microtox  bioassay  generally  resulted  in  EC50  esti¬ 
mates  with  low  precision,  while  all  other  assays  were  generally  less  variable 
(i.e.,  CV  <25%), 
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TABLE  1.  Mean  EC50  (mg/L),  Coefficient  of  Variation,  and  Nuoiber  of  Bioassays  for  Several  Species 
Using  Copper,  Cadmium  and  Zinc 
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TABLE  2.  Mean  Bioassay  ECSO 
Bioassays  for  Two 

• 

(mg/L)  Coeffic 
Herbicides 

2.A-0 

lent  of  Variation  and  Number  of 

Esteron  99* 

Tast  0rq«n<vi 

X 

cv 

n<«> 

f 

CV 

n 

A1  g«« 

95.8 

so 

3 

12.9 

20 

3 

0«pluii« 

>2Aa 

AO 

3 

13.1 

2S 

3 

00  -  0  hr 

— 

— 

3  hr 

— 

— 

22  hr 

— 

— 

EjrthiMra  (HjO) 

NE 

NE 

E«rthM)ra  (Aemton*)^'’^ 

9,030 

1 

12,800 

8 

3 

Microtox  •  3  min 

112 

10.3 

IS  ain 

107 

7.7 

30  ain 

128 

8.A 

Root  olongatiofl 

NMoat 

0.7 

<10 

3 

0.2 

<10 

3 

Lattuco 

<0,1 

<10 

3 

<0.1 

<10 

3 

Radi  ah 

<0.1 

<10 

3 

<0.1 

<10 

3 

Rad  elovar 

<0.1 

<10 

3 

<0.1 

<10 

3 

Cue unbar 

<0.1 

<10 

3 

<0.1 

<10 

3 

(a)  Naan,  eoa/f1c<ant  of 

variation 

[(standard  davlatl on/mean) 

X  100]  and 

number  of  assays; 

r«$p*st1 valy . 

(b)  Raported  aa  LCSO.  Acatona  naa  uaad  Co  incraaaa- ao)ub<11ty. 
N£  ■  No  bfoloqicatly  Important  affaeta. 


Herbicide . 

Two  formulations  of  the  same  herbicide,  2,4-0  acid  and  Esteron  99* 
(44.9*  2,4-0),  were  used  in  bioassays.  All  seed  species,  except  wheat,  used 
in  the  root  elongation  assay  (Table  2)  exhibited  ECSO's  <0.1  mg/L  of  2,4-0. 
Algae,  on  the  other  hand,  were  about  500  times  less  sensitive  to  2,4-0.  This 
is  most  likely  due  to  the  fact  that  2,4-0  is  an  auxin  analog,  which  stimu¬ 
lates  destructive  growth  in  higher  plants  where  growth  is  auxin  regulated. 
Algae  do  not  have  auxin  growth  regulators,  but  react  to  inhibition  of  the 
photosynthesis  energy  transport  process.  Thus,  as  might  be  expected,  the 
effects  of  2,4-0  on  higher  plants  and  algae  differ  markedly. 

In  our  experiments,  2,4-0  severely  affected  root  elongation,  while  the 
algae,  Microtox  and  Daphnia  assays  resulted  in  much  higher  ECSO  values  (Table 
2).  Earthworms  tolerated  the  highest  2,4-0  concentrations  which  was  similar 
to  their  response  to  heavy  metals  (Table  1).  This  rank  order  of  sensitivity 
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TA8LF  J.  Mean  EC50  Values  (mq/L)  for  Water  Soluble  Concentrations  of 
Aldrin,  Oleldrln,  Endrin,  Chlcrdane  and  Heptachlor  from  Chem 
Services,  Westchester,  Pennsylvania,  and  the  EPA  Repository  of 
Toxic  and  Hazardous  Materials 


Test  Organism**^ 

Aldrin 

(Chem  Ser./EPA) 

Oleldrln 
(Chem  Ser./EPA) 

Endrin 

(Chem  Ser./EPA) 

O.lordane^^^ 

Heptachlor 

Algee^®* 

.025/. 100 

.055/.071 

.048/.114 

.156 

Oaphnie 

.023/.094‘*’ 

.079/. 107^*^ 

.051/.112^^’ 

.165<9) 

.162^^’ 

00  *  0  hr 

~/.079 

NE/NE 

NE/NE 

.113 

.129 

3  hr 

*-/NE 

ME/NE 

NE/NE 

NE 

NE 

22  hr 

*-/NE 

NE/NE 

NE/NE 

NE 

NE 

(«)  No  biologically  inoanlngful  offocts  (KE)  •••ro  observed  for  earthworms,  Hicrotox  or  root 
elongation.  Single  values  resulted  from  EPA  repository  samples. 

(b)  Samples  of  Chlordane  and  Heptachlor  were  not  available  from  Chem  Service. 

(e)  nw3  for  ell  Daphnia  and  algae  bioassays.  See  Table  1  for  the  range  of  coefficients  of 
variation. 

(d)  Literature  value  for  heptachlor  Is  O.W  (U.S.  EPA  440/S”30“079,  1980). 

(e)  Literature  values  for  aldrin  and  dleldrln  are  0.028  and  0.190,  respectively  (Johnson  and 
Finley,  1980). 

(f)  Literature  value  for  endrin  Is  0.352  (U.S.  EPA  440/5*80*047,  1980). 

(g)  Literature  value  for  chlordane  Is  0.058  (Randall,  1979). 

(h)  Literature  value  for  heptachlor  Is  0.078  (Hacek  et  al . ,  197G). 


TABLE  4.  Suirmary  of  EC50  (mg/L)  Results  In  Tables  1-3,  for  Heavy  Metals, 
Herbicides  and  Insecticides  for  Six  Bioassays 


Test  Organism 

Heavy  Hotels 

Herbicides 

Insecticides^*^ 

Moans 

CV  Range 

Means 

CV  Range 

Moans  CV  Range 

Algae 

0.04 

-  0.07 

9  *  15 

13  *  96 

20  -  50 

0.07  *  0.19  10  *  30 

Oaphnie 

0.04 

-  0.54 

10  -  30 

13  -  >240 

25  *  40 

0.09  -  0.17  10  -  40 

OO  rate  3  hr 

1.5 

-  3.5 

... 

Hicrotox  30  min 

0.3 

-  106 

25  *  35 

8  -  128 

Root  elongation 

22 

*  334 

10  *  35 

<0.1  *  0.7 

<1  *  10 

Earthworm  (H,0)*'^ 

168 

-  997 

2  *  41 

— 

Earthworm  (Acetone) 

9830  *  12800 

-*  *  8 

15000  -  16000^'^’ 

(a)  Based  on  chemicals  obtained  from  the  EPA  repository  for  toxic  and  hazardous  material. 

(b)  CV  *  coefficient  of  variation  [(standard  deviation/mean)  x  ICO]. 

(c)  LCSO  values,  i.e.,  the  concentration  at  which  50%  mortality  occurs. 

(d)  Erratic  results  (not  listed  in  Table  3)  where  water  soluble  studies  are  reported. 
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to  2,4-D  is  quite  different  from  that  observed  with  heavy  metals  where  the 
root  elongation  assay  resulted  in  the  second  highest  tolerance. 

4 

Comparison  of  the  response  of  the  test  organisms  to  Esteron  99  (a  com¬ 
mercial  formulation  which  contains  44.9%  2,4-D  and  undisclosed  "inert"  ingre¬ 
dients)  and  the  response  obtained  using  94%  pure  2,4-0  acid  (Table  2)  shows 
that  Esteron  99*  is  significantly  more  toxic  to  algae,  Daphnia,  and  Microtox. 
There  was  very  little  difference  in  root  elongation  response  for  the  five 
plant  species  tested.  Daphnia  and  algae  EC50  values  were  similar  for  Esteron 
99*  but  were  18  and  7.4  times  more  sensitive  to  Esteron  99*  than  to  2,4-0 
acid  respectively  (Table  2).  The  higher  toxic  response  for  Esteron  99*  sug¬ 
gests  that  the  "inert"  components  in  the  formulation  are  also  active 
toxicants,  or  that  the  sample  preparation  process  somehow  affected 
bioavailability. 

Insecticides 

Water  soluble  solutions  of  aldrin,  dieldrin  and  endrin  were  prepared 
from  reagents  supplied  by  Chem  Service  (dry  powder)  and  the  EPA  repository  of 
toxic  and  hazardous  materials  (in  methanol).  The  resulting  solutions  were 
bioassayed  (using  HMAT  organisms)  in  order  to  determine  whether  the  same 
chemical  (similar  purities  >97%)  obtained  from  two  sources  produced  the  same 
response  in  test  species.  Toxic  responses  to  both  water  soluble  formulations 
of  aldrin,  dieldrin  and  endrin  were  only  evident  for  algae  and  Daphnia  (Table 
3). 

The  algae  and  Daphnia  ECSO  values  for  assays  using  EPA  repository  aldrin 
and  endrin  (Table  3)  are  higher  than  the  ECSO  values  for  the  same  insecti¬ 
cides  supplied  by  Chem  Service  even  though  EPA  formulations  produced  higher 
concentrations  of  the  active  ingredient.  The  active  ingredients  are  present 
in  higher  concentrations  in  the  EPA  repository  formulations  (Table  5)  because 
the  EPA  methanol  formulation  was  more  soluble  in  water  than  the  Chem  Services 
powder.  Only  slightly  higher  ECSO  values  were  found  for  dieldrin.  Methanol 
added  to  solutions  (.005%  methanol  v/v)  of  algal  assay  medium  and  Daphnia 
test  water  (200  mg/L  hardness)  did  not  adversely  affect  either  test  organism 
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TABLE  5.  Concentrations  of  A.ldrln,  Dleldrin,  Endrin,  Chlordane  and 

Heptachlor  (mg/L)  1n  Water  Soluble  Assay  Samples.  (Stock  samples 
supplied  by  Chem  Service  and  the  EPA  Repository  of  toxic  and 
Hazardous  Materials.) 


Sourea 

Conatl tuant 

Chwi  SarvIcB 

EPA  Repository 

Aldrin 

0.025 

0.125 

Olaldr'In 

0.096 

0.130 

Endrin 

0.069 

0.142 

Qilardtn* 

— 

0.206 

Haptactilor 

— 

0.197 

at  the  maximum  methanol  concentrations  in  water  soluble  assay  medium  when  EPA 
repository  Insecticide  samples  were  assayed. 

DISCUSSION 

Our  results  suggest  that  algae  and  Oaphnia  are  the  most  sensitive  to 
heavy  metals,  followed  in  order  of  decreasing  sensitivity  by  DO  rate 
depletion,  Microtox,  root  elongation  and  earthworms  (Table  1).  As  expected, 
root  elongation  was  most  affected  by  the  herbicide  2,4-0,  followed  in 
increasing  order  of  tolerance  by  algae  and  Microtox,  Daphnia  and  earthworms 
(Table  2).  Algae  and  Daphnia  were  the  only  organisms  sensitive  to  the  insec¬ 
ticides  tested  (Table  3).  These  results  indicated  that  algae  might  be  the 
most  broadly  sensitive  test  organism  for  assays  using  soil  elutriates  and 
water  samples,  since  they  responded  to  water  solutions  of  the  major  chemical 
subgroups  we  studied.  A  larger  group  of  chemicals  must  be  tested  to  substan¬ 
tiate  this  finding.  The  differential  response  observed  for  2,4-0  acid  and 
Esteron  99*  illustrates  the  value  of  bioassays  in  identifying  additional  (or 
perhaps  synergistic)  biotoxic  components  in  chemical  mixtures.  In  addition, 
these  results  indicate  that  a  potential  problem  may  exist  if  toxic  effects 
are  predicted  for  pure  chemicals  based  on  results  using  commercial  formu¬ 
lations  (or  vice  versa).  Based  on  its  2,4-0  content,  the  Esteron®  2,-i-D 
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preparation  used  in  our  studies  should  have  had  minimal  effects  on  aquatic 
organisms.  However,  laboratory  bioassays  of  thi*  commercial  formulation  (as 
it  would  be  used  in  the  field)  indicate  the  material  may  be  more  toxic  than 
its  active  ingredient.  The  lower  ECSO's  obtained  using  the  Chem  Service 
aldrin  and  endrin  suggest  the  presence  of  a  toxic  constituent  not  present  or 
bioactive  in  the  EPA  chemical  reference  standards.  These  results  demonstrate 
the  ability  of  algae  and  Daphnia  to  define  differences  in  chemical  toxicity 
due  to  formulation  differences  and  reinforce  the  speculation  that  inert  com¬ 
ponents  might  themselves  be  toxic  or  synergistic.  Based  on  our  results  using 
pure  chemicals  it  appears  that  one  value  of  using  a  multi-media  bioassessment 
protocol  is  that  the  change  in  tolerance  levels  of  test  organisms  to  differ¬ 
ent  toxicants  can  be  observed.  This  information  can  be  used  to  identify 
those  ecosystem  components  most  susceptible  to  the  presence  of  a  toxicant, 
regardless  of  its  specific  chemical  characteristics. 


TOXICITY  OF  CHEMICAL  WASTE  SITE  SAMPLES 


INTRODUCTION 

A  study  using  soils,  soil  elutriates,  and  water  samples  from  the  Rocky 
Mountain  Arsenal  (RMA)  and  seven  other  hazardous  waste  sites  was  initiated  to 
ascertain  if  the  HMAT  test  organisms  and  the  modified  Neubauer  seed  germi¬ 
nation  test  (Thomas  and  Cline,  1984,  accepted  for  publication  In 
Environmental  Toxicology  and  Chemistry),  would  respond  to  the  unknown  chemi¬ 
cal  mixtures  contained  in  these  samples.  The  Neubauer  test  was  added  to  the 
HMAT  series  because  the  earthworm  soil  contact  test  was  not  very  sensitive  in 
our  research  on  pure  chemicals.  Addition  of  this  assay  allowed  a  better 
intercomparison  of  the  toxic  properties  of  elutriates  and  the  soils 
themselves.  Because  of  the  high  salt  content  of  Basin  F  water  samples  from 
the  RMA,  preliminary  wheat  and  lettuce  seed  germination  bioassays  were  con¬ 
ducted  (Thomas  and  Cline,  1984,  accepted  for  publication  in  Environmental 
Toxicology  and  Chemistry)  which  showed  that  copper,  sodium  nickel  or  arsenic, 
alone  or  in  combination  were  not  toxic  at  levels  found  in  Basin  water  used  in 
these  studies. 

RESULTS 

Rocky  Mountain  Arsenal 

Bioassays  of  soil  elutriates  from  site  085  at  RMA  (Figure  2  for  sample 
location;  see  Figure  1  for  RMA  location)  show  that  the  assay  using  algae  was 
approximately  10  fold  more  sensitive  than  the  Daphnia  assay  (Table  6).  No 
response  was  observed  for  Microtox  and  lettuce  root  elongation  (RE),  while 
the  earthworm  soil  test  for  sample  085  had  an  LC50  value  >252  soil.  Such 
results  are  typical  of  those  for  low  levels  of  heavy  metals  (Table  2).  In 
contrast,  soil  sample  092  (from  the  Basin  A  lime  pit,  section  36,  Figure  1) 
shows  a  different  and  increased  toxicity  pattern  for  Daphnia,  Microtox,  RE 
and  earthworms,  suggesting  a  stronger  influence  from  the  organic  components 
in  this  sample.  Both  the  Basin  F  waste  water  (a  holding  basin  for  toxic 
wastes)  and  a  sample  of  Basin  F  well  water  (well  number  26008  located  in 
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TABLE  6.  EC50  Response  or  Percent  Inhibition  Caused  by  Chemical  Contaminants  In  Rocky 
Mountain  Arsenal  Soil,  Soil  Elutriate,  Waste  Water  and  Groundwater  Samples 
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FIGURE  1.  Location  of  the  Study  Site  in  Basin  A  (Section  36)  at  the  Rocky 
Mountain  Arsenal.  The  areas  in  section  26,  labeled  C,  0,  E  and  F 
are  or  were  waste  ponds. 


section  26,  Figure  1)  were  toxic  to  most  HMAT  organisms  tested.  Basin  F 
water  was  toxic  to  all  organisms  tested  with  EC50  values  <1.0%  dilution, 
while  F  basin  well  water  was  much  less  toxic  to  algae,  Oaphnia  and  RE,  and 
was  not  toxic  at  all  to  the  Microtox  assay.  The  assay  results  for  RMA  soil 
elutriate  samples  from  samples  1  to  9  (upper  right  in  Figure  2)  are  unique  in 
that,  except  for  site  7,  these  soil  elutriates  caused  algal  growth  stimu¬ 
lation,  rather  than  growth  depression.  This  lack  of  an  algal  toxic  response 
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FIGURE  2.  Location  of  Soil  Sampling  Points  in  Basin  A  (Section  36)  at  the 
Rocky  Mountain  Arsenal 

was  partially  corroborated  by  the  results  of  the  Daphnia,  assays  which  show 
an  ECSO  of  11%  elutriate  dilution  for  samples  1-5  (subsamples  of  a  single 
large  sample  collected  adjacent  to  085,  but  one  year  later)  and  site  6  (EC50 
of  942).  In  contrast,  lettuce  root  elongation  results  show  that  1002  soil 
elutriates  are  toxic,  with  samples  1-5  being  most  toxic. 

The  earthworm  and  modifiv’d  Neubauer  soil  contact  bioassays  for  the  same 
RMA  samples  confirm  some  of  tne  letcuce  root  elongation  results  ana,  unlike 
the  other  soil  elutriate  tests,  show  the  presence  of  bioactive  toxicants  at 
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TABLE  7.  EC50  Response  (S  Soil  for  the  Earthworm  Test)  to  Chemical 
Contaminants  1n  Hazardous  Waste  Site  Soil  and  Soil 
Elutriate  Samples 


Test  Orqj.iisff _ _ 

Weste  site  Me  tor  Contswtnents  At  gee  Oephnte  Mterotox  R.  Eertb»>omi 

Western  Processing 


#1 

Heavy  metal s 

28 

59 

NE(b) 

NE 

NE 

#11 

Heavy  metals,  solvents, 
phthalates 

1.8 

10 

29 

41 

77  (u 

#17 

Hojivy  metals,  phenols, 
solvents,  pesticides 

0.2 

5.5 

2.2 

37 

55 

#Z2 

Heavy  metals,  phthalates, 
solvents 

22 

80 

11 

NE 

NE 

Hollywood 

Pesticides 

2A 

22 

>90 

NE 

>25 

Hoi  dor  Chemicol 

Pesticides,  herbicides 

2.1 

3.5 

18 

3.5 

70 

Big  John  Houldt 

PAH^^^  other  organics 

5.A 

87 

2S 

NE 

<10 

S«pp  Battery 

Heavy  metals 

41 

70 

NE 

NE 

NE 

Thiokol 

01  phenyl  ami ns 

NE 

NE 

NE 

NE 

35 

Sharon  Steot 

Heavy  metals,  tar,  PAH 

0.5 

30  . 

99 

NE 

>75 

(a)  RE  ■  Root  elongation  test. 

(b)  NE  <■  No  biologically  significant  toxicity  nas  observed. 

(c)  Earthworm  IS  day  soil  test  LC50  values. 

(d)  PAH  •  Polynuclear  aromatic  hydrocarbons. 

sites  1-8  and  low  toxicity  at  site  9.  Earthworm  LCSO's  ranged  from  <25X  to 
62J  soil  for  the  same  samples,  and  the  sample  from  site  7  was  the  most  toxic. 

Other  Waste  Sites 

Evaluation  of  the  response  of  HMAT  test  organisms  to  the  other  seven 
hazardous  waste  site  soils  and  soil  elutriates  where  major  contaminants  have 
been  identified  (Table  7),  shows  algae  to  be  the  most  sensitive  test  organism 
to  the  bioactive  components  in  all  samples  except  those  of  the  Thiokol  waste 
site  (sensitivity  of  Daphnia  and  algae  appeared  to  be  equal  fcr  the  Hollywood 
site  sample).  At  the  Western  Processing  #22  and  Big  John  Houldt  sites, 
Daphnia  assay  results  would  cause  these  samples  to  be  classed  as  low  in 


toxicity  potential  (Porcella  (1983)  uses  low,  moderate,  moderately  high,  and 

highly  toxic  to  describe  EC-50  values  >752,  50-752,  25-502,  and  <252  elu- 

0 

triate  dilution,  respectively),  whereas  the  algae  assay  results  can  be  inter¬ 
preted  as  giving  a  highly  toxic  response.  Microtox  assay  results  confirm  the 
highly  toxic  nature  of  the  Western  Processing  #22  elutriate,  but  the  Microtox 
assays  were  insensitive  to  the  samples  from  the  Western  Processing  #1,  Sapp 
Battery  and  Thiokol  sites.  The  lettuce  root  elongation  test  was  the  least 
sensitive  to  soil  elutriate  samples  from  these  seven  waste  sites.  With  the 
exception  of  the  Thiokol  site,  the  earthworm  soil  test  was  usually  less 
sensitive  than  algae  and  Daphnia  elutriate  assays,  but  generally  gave  results 
corresponding  to  those  of  the  root  elongation  and  Microtox  tests. 

We  previously  established  that  the  root  elongation,  Microtox  and  earth¬ 
worm  tests  are  not  very  sensitive  to  three  heavy  metals  (Table  1).  Based  on 
the  assays  of  Western  Processing  #11  and  #22  soils,  it  appears  that  the 
earthworm  assay  may  not  be  affected  by  phthalates.  However,  earthworms  were 
the  only  test  organism  to  respond  to  the  major  chemica',  diphenyl  amine,  in 
the  Thiokol  soil  sample.  Unlike  most  of  the  RMA  samples  and  the  Thiokol 
sample,  the  other  seven  waste  site  soil  elutriates  apparently  contained  toxic 
water  soluble  chemicals.  The  algal  assay  is  sensitive  to  these  water  soluble 
components.  Based  on  this  assay  alone,  five  of  the  seven  sites  would  have 
been  deemed  highly  toxic  (EC50  values  ranging  from  0.2  to  222),  the  Sapp 
Battery  sample  would  be  moderately  toxic  and  the  Thiokol  elutriate  would  be 
designated  non-:oxic  (the  earthworm  assay  suggests  that  this  sample  is  moder¬ 
ately  toxic). 

DISCUSSION 

A  comparison  of  the  soil  elutriate  and  earthworm  and  lettuce  seed  soil 
contact  assay  results  based  on  RMA  samples  suggest:  1)  that  these  soils  con¬ 
tain  very  low  levels  of  water  soluble  heav  metal  and  pesticide  contaminants; 
2)  that  if  the  heavy  metals  are  soluble  they  are  bound  to  organic  compounds 
which  chelate  them  so  that  they  are  not  bioactive,  and  thus  are  not  toxic  to 
algae,  Daphnia  and  Microtox;  3)  that  the  water  soluble  toxic  components  in 
these  soils  are  leached  as  a  function  of  time  or  are  strongly  adsorbed  to  the 
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clay  and  organic  fractions,  but  art  avalUblt  to  tarthworms  and  lettuct 
seeds;  or  4)  disappeared  during  preparation  or  testing  of  elutriates. 


We  believe  that  the  results,  based  on  bioassays  from  seven  additional 
waste  sites,  offer  an  Initial  validation  of  our  test  protocol  premise  that  a 
group  of  diverse  bioassays  Is  preferable  to  any  single  test  and  that  the 
response  of  specific  organisms  can  aid  In  Identifying  which  ecological  cow* 
partments  may  be  Impacted  by  known  or  unknown  chemical  wastes.  Although  we 
were  able  to  rank  these  specific  waste  site  soil  samples,  the  extent  of 
toxicity  cannot  be  ascertained  without  Intensive  field  sampling. 
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FIELD  STUDY 


To  demonstrate  the  utility  of  bioassays  in  chemical  hazard  assessment, 
we  conducted  a  field  study  at  RMA  in  Commerce  City,  Colorado.  The  site  had 
been  used  for  the  manufacture  of  antipersonnel  gases,  herbicides,  and  insec¬ 
ticides,  and  as  an  ordinance  testing  area.  Over  the  years  a  myriad  of 
organic  and  inorganic  compounds  were  carried  through  ditches  to  a  series  of 
interconnecting  holding  basins  for  disposal.  Complete  chemical  charac¬ 
terization  of  the  site  would  be  very  expensive,  and  this  situation  offered  an 
excellent  bioassay  opportunity.  Previous  lettuce  seed  bioassay  results  using 
RMA  soil  samples  (Table  6)  led  us  to  believe  that  an  area  near  a  former  waste 
trench  was  contaminated.  Results  from  the  other  bioassays  showed  less  or  no 
toxicity. 

STUDY  SITE 

The  waste  trench  chosen  for  study  at  the  arsenal  is  located  in  Basin  A 
(Figure  1).  Previous  data  indicated  a  possible  gradient  of  contamination  on 
the  west  side  of  section  36,  extending  north-south  from  the  trench.  Thus, 
four  parallel  transects  were  established  on  the  west  side  of  the  basin,  each 
beginning  on  the  north  bank  of  the  trench  and  running  south  for  -90  m  (Figure 
2).  A  logarithmic  scale  was  used  beyond  the  south  trench  edge  to  locate  nine 
sample  points  on  each  transect  (36  cores,  60  total  samples;  see  below) 
because  we  thought  contamination  might  have  moved  by  some  physical  means 
(e.g.,  wind  or  water).  The  transects  were  15  m  apart  and  labeled  L,  M,  N  and 
P.  The  first  three  sample  points  of  each  transect  fell  within  the  trench, 
and  the  fourth  was  on  the  top  of  the  south  bank.  Samples  5  through  9  were 
located  south  of  the  north  trench  edge  at  15,  20,  30,  50  and  90  m,  respec¬ 
tively  (Figure  2). 

SOIL  SAMPLING 

At  most  sampling  points,  a  split  spoon  corer  mounted  on  a  hydraulic 
drill  rig  was  used  to  take  two  soil  cores,  one  from  0  to  15  cm  depth,  and  a 
second  from  15  to  30  cm.  Each  core  was  7.5  cm  in  diameter  and  together  the 
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two  cores  weighed  approximately  4  kg.  Between  sampling  points,  the  split 
spoon  and  drill  bit  were  decontaminated  by  washing  with  methanol  and  rinsing 
with  distilled  water.  All  samples  were  put  In  plastic  bags,  sealed  and 
labeled.  The  area  being  sampled  and  any  problems  encountered  (e.g.,  mud, 
accessibility)  dictated  exactly  how  the  cores  were  taken  and  any  variations 
on  the  basic  sampling  scheme. 

For  example,  the  first  two  points  In  each  transect  were  In  the  trench, 
which  was  very  wet  and  soft,  and  the  samples  from  these  points  were  difficult 
to  obtain.  Since  It  was  Impossible  to  sample  by  depth,  two  surface  samples 
(to  IS  cm  deep)  were  taken  from  these  points  with  a  hand  trowel.  Sample 
points  L,  N  and  P-3  were  just  over  the  south  bank  of  the  trench  and  could  not 
be  reached  from  the  drill  rig.  At  these  points,  the  split  spoon  was  hammered 
Into  the  ground  and  extracted  by  hand.  Only  a  0-15  cm  sample  was  obtained 
from  each  of  these  points;  the  soil  from  15  cm  to  30  cm  was  too  wet  to  stay 
In  the  split  spoon.  A  surface  sample  of  undefined  depth  was  taken  from  M-3 
since  the  entire  profile  was  very  wet.  Samples  4  through  9  in  each  transect 
were  obtained  using  the  drill  rig  as  discussed  above.  On  arrival  at  our  lab¬ 
oratory,  the  samples  were  air  dried  and  sieved  through  a  i  in.  screen. 

PHYTOASSAY  OF  SOIL 

We  elected  to  use  lettuce  seeds  exclusively  1n  the  phytoassays  because 
our  prior  results  showed  that  they  are  more  sensitive  than  other  seeds.  The 

mortalities  (mean  of  three  subsamples  from  each  core  fraction)  observed  at 

points  1-3  In  each  transect  were  based  on  the  same  soil  sample  and  could  be 
considered  a  measure  of  experimental  reproducibility,  since  subsamples  from 
these  three  points  were  assayed  in  two  different  experiments  (i.e.,  the 
0-15  cm  fractions  were  run  as  one  experiment  and  the  15-30  cm  samples  were 
assayed  two  weeks  later,  Table  8).  The  maximum  mortality  difference  between 
the  subsamples  in  these  two  experiments  was  about  15%  (6  seeds  of  40,  sample 

P-3)  for  samples  which  were  reassayed  (control  and  samples  1-3,  all 

transects).  Thus,  if  mortality  differed  by  >15%,  as  a  function  of  depth,  we 
considered  the  differences  real.  Using  this  rule,  only  sample  (L7)  in  either 
transect  L  or  N  showed  any  lettuce  seed  mortality  difference  attributable  to 
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depth.  However,  four  samples  in  transect  M  and  three  in  transect  P  showed 
differences  greater  than  15S  mortality,  suggesting  that  the  contaminants  had 
either  migrated  below  15  cm  or  were  purposely  placed  there.  We  found  no 
records  to  support  the  latter  argument  and  conclude  that  the  toxic  material 
had  migrated. 

RESULTS  FROM  OTHER  BIOASSAYS 

The  results  for  all  other  HMAT  bioassays  conducted  on  Basin  A  soils  are 
in  Table  9.  Sample  availability  either  precluded  analyses  or  curtailed  the 
number  of  assays  that  could  be  conducted.  Daphnia  or  Microtox  bioassay 
results  are  not  included  because  no  response  was  observed  in  10  and  36 
assays,  respectively. 

Results  from  the  algal  assay  revealed  that  small  quantities  of  elutriate 
from  all  but  four  samples  were  stimulatory  (SC20).  The  four  elutriate  sam¬ 
ples  which  inhibited  algae  were  obtained  on  or  very  near  the  waste  trench  on 
transects  L  and  N.  According  to  the  criteria  outlined  in  Porcella  (1983) 
these  sites  would  be  classified  as  moderately  toxic.  Interestingly,  only  1% 
to  14!S  elutriate  from' transect  M  samples  was  needed  to  stimulate  algal 
growth.  Based  on  the  algal  bioassay  results,  we  conclude  that  the  toxic  com¬ 
ponents  detected  using  lettuce  seeds  (Table  8),  were  probably  not  water  solu¬ 
ble  heavy  metals,  herbicides  or  insecticides  (except  perhaps  sites  L(2-4)  and 
N2)  since  our  results  using  pure  chemicals  (Tables  1-3)  showed  depressed 
algal  growth  in  the  presence  of  these  contaminants. 

Results  of  the  earthworm  bioassay  are  presented  as  a  function  of  lettuce 
seed  mortality  in  Figure  3.  Except  for  plot  P3  soil,  earthworms  are  severely 
affected  when  placed  in  Basin  A  soil  samples  where  lettuce  seed  mortalities 
are  over  70%.  In  contrast,  the  five  soil  samples  which  caused  20  to  70%  let¬ 
tuce  seed  mortality  resulted  in  no  earthworm  deaths.  Thus,  for  these  Basin  A 
samples,  it  appears  either  that  lettuce  seeds  are  more  sensitive  to  lower 
levels  of  a  toxic  component  that  does  not  affect  earthworms,  or  that  earth¬ 
worms  are  more  resistant  to  the  same  toxicant. 
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TABLE  9.  Intercompdrison  of  lettuce  root  elongation  (RE),  Lettuce  Seed  Mortality  (MN),  Earthworm 
mortality  (EW)  and  Algal  Inhibition  (S)  for  Two  Fractions  of  Basin  A  Soils  Obtained 
from  the  Rocky  Mountain  Arsenal 


LETTUCE  SEED  MOfiTAUTY 
(PenCENTIN  100%  SOIL) 


FIGURE  3.  A  Comparison  of  Earthworm  and  Lettuce  Seed  Mortality  Using  Basin  A 
Soils  from  Rocky  Mountain  Arsenal 

Results  from  the  lettuce  root  elongation  (based  on  elutriates)  and  the 
lettuce  seed  mortality  (based  on  intact  soil)  bioassays  are  compared  in 
Figure  4.  There  appears  to  be  little  correlation,  perhaps  with  the  exception 
of  samples  from  Transect  L.  Bioassay  results  from  Transect  P  samples  indi¬ 
cate  that  high  lettuce  seed  mortalities  are  accompanied  by  about  ±15*  change 
in  root  elongation  (i.e.,  no  correlation  at  all).  Thus,  the  phytotoxic  com¬ 
ponent  that  impairs  lettuce  seed  germination  either  is  not  water  soluble  or 
does  not  affect  root  elongation.  As  expected  (based  on  Figures  3  and  4),  the 
results  of  earthworm  mortality  and  lettuce  root  elongation  are  not  correlated 
(Figure  5). 
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FIGURE  4.  A  Comparison  of  Lettuce  Root  Elongation  and  Lettuce  Seed 
Mortality  Using  Basin  A  Soils  from  Rocky  Mountain  Arsenal 


CLEANUP  DECISION  BASED  ON  BIOASSAYS  AND  KRIGING 

One  way  to  depict  the  lettuce  seed  mortality  patterns  at  each  depth 
(Table  8)  is  to  devise  a  contour  map,  based  on  the  observations.  We  prepared 
a  map  of  lettuce  seed  mortality  using  a  relatively  new  statistical  technique 
called  kriging,  developed  for  use  in  the  mining  industry  and  used  principally 
in  Europe  and  South  Africa  (Journal  end  Huijbregts  1978,  Clark  1982). 
Kriging  is  a  weighted,  moving  average  technique  to  calculate  point  estimates 
or  block  averages  over  a  specified  grid.  The  derivation  of  the  kriging 

$ 
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FIGURE  5.  A  Comparison  of  Lettuce  Root  Elongation  and  Earthworm  Mortality 
Using  Basin  A  Soils  from  Rocky  Mountain  Arsenal 

weights  takes  into  account  the  proximity  of  the  observation  to  the  point  or 
area  of  interest,  the  structure  of  the  observations  (i.e.,  the  relationship 
of  the  squared  difference  between  pairs  of  observations  and  the  intervening 
distance  between  them)  and  any  systematic  trend  or  drift  in  the  observations. 
Additionally,  kriging  provides  a  variance  estimate  that  can  be  used  to  con¬ 
struct  a  confidence  interval  for  the  true  value.  Contour  maps  are  prepared 
from  the  kriging  estimates.  Our  results,’  presented  in  Figures  6  and  7, 
clearly  show  the  lettuce  seed  mortality  differences  at  the  two  depths. 
Estimated  contamination  is  greater  at  15-30  cm  than  at  0-15  cm.  This  is  also 
indicated  by  our  qualitative  analyses  of  results  in  Table  8. 
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FIGURE  6.  Estimated  Lettuce  Seed  Mortality  (Based  on  Kriging)  for  the 
0-15  cm  Soil  Fraction  from  the  Rocky  Mountain  Arsenal 

We  believe  that  such  maps  could  be  useful  in  site  cleanup  decisions.  As 
a  possible  scenario,  we  have  selected  30%  lettuce  mortality  as  a  criterion 
for  cleanup  of  this  Basin  A  site  (Figures  8  and  9).  The  areas  enclosed  by 
the  solid  lines  would  be  targeted  for  cleanup.  Unfortunately,  the  cleanup 
decision  would  be  different  for  the  0-15  cm  (Figure  8)  and  the  15-30  cm 
(Figure  9)  fractions.  While  this  difference  complicates  decision  making,  the 
available  data  (Table  8)  and  the  kriging  maps  (Figures  6  and  7)  show  that  the 
field  situation  is  complex,  and  that  cleanup  decisions  based  solely  on  either 
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FIGURE  7.  Estimated  Lettuce  Seed  Mortality  (Based  on  Kriging)  for  the  15-30 
cm  Soil  Fraction  from  the  Rocky  Mountain  Arsenal 

soil  fraction  would  not  result  in  a  "clean"  site.  Cleanup  based  on  the 
15-30  cm  contour  would  remove  all  known  contamination,  but  samples  should 
also  have  been  taken  below  this  depth. 

The  crosshatching  in  Figures  8  and  9  shows  areas  where  we  estimate  that 
mortality  was  actually  greater  than  30%.  We  constructed  these  "boxes"  by 
simply  drawing  a  line  halfway  between  grid  points  with  observed  mortalities 
greater  than  30%  and  those  less  than  30%.  Thus,  the  crosshatched  box  at  the 
top  of  Figure  8  is  a  consequence  of  the  observed  mortality  at  plot  N-9  (42%) 
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FIGURE  8.  A  Comparison  of  Greater  than  30%  Lettuce  Seed  Mortality  (Estimated 
from  Kriging)  to  Observed  Lettuce  Seed  Mortality  for  the  0-15  cm 
Soil  Fraction  from  the  Rocky  Mountain  Arsenal 

and  the  surrounding  plots,  P-9,  N-8,  and  M-9,  exhibiting  mortalities  less 
than  30%  (Table  8;  22,  7  and  14%  respectively).  The  kriging  >30%  contour 
apparently  does  not  include  this  area  or  high  mortality  samples  at  L-6  (100% 
observed  mortality)  because  we  estimated  mortality  over  small  blocks  of  area. 
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DISTANCE  (m)  FROM  NORTHEAST  CORNER 


FIGURE  9.  A  Comparison  of  Greater  than  30%  Lettuce  Seed  Mortality  (Estimated 
from  Kriging)  to  Observed  Lettuce  Seed  Mortality  for  the  15-30  cm 
Soil  Fraction  from  the  Rocky  Mountain  Arsenal 

Had  we  used  punctual  or  point  kriging,  the  actual  observations  would  be  pre¬ 
dicted  by  kriging. 

We  believe  that  the  use  of  bioassay  of  field  samples  and  subsequent 
kriging  analyses  offers  a  practical  method  to  aid  in  cleanup  decisions, 
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especially  when  accompanied  by  error  estimates  for  the  mortality  isopleths. 
We  did  not  present  confidence  limits  here  (limits  are  dependent  on  data 
density,  whether  block  or  point  kriging  is  used  and  the  contour  of  concern; 
the  limits  in  our  study  averaged  between  ±10  and  25«)  because  we  believe 
additional  demonstrations  in  diverse  environments  are  needed  before  we  can 
ascribe  general  applicability  to  the  entire  procedure. 
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DISCUSSION  AND  CONCLUSIONS 


W«  h*ve  conducted  a  three-phase  research  program  to  assess  the  compara¬ 
tive  sensitivity  of  test  organisms  to  known  chemicals,  determine  the  chemical 
subgroups  In  field  samples  using  bloastays,  and  to  map  the  extent  of  contami¬ 
nation  at  hazardous  chemical  waste  sites  using  bioassay  results  and  kriging. 

Tests  using  heavy  metals  (copper,  cadmium  and  zinc)  showed  that  algae 
and  Oaphnia  bioassays  were  most  sensitive,  followed.  In  order  of  Increasing 
tolerance,  by  the  Microtox,  00  rate  depletion,  root  elongation  and  earthworm 
(soil  contact)  bioassays.  Good  within-organism  and  element  test  precision 
was  attained  as  evidenced  by  CV  values  below  2SS.  Root  elongation  was  .nost 
sensitive  to  941  2,4-0  acid  and  a  commercial  2,4-0  formulation  (44. 9X  pure). 
Algae,  Microtox  and  Oaphnia  exhibited  similar  2,4-0  tolerances,  while  earth¬ 
worms  were  most  resistant.  We  also  found  that  the  44. 9X  2,4-0  formulation 
was  between  7  and  18  times  more  toxic  to  algae,  Oaphnia,  and  Microtox  than 
the  nearly  pure  2,4-0  acid,  which  Indicates  that  the  Inert  co.iponent  of  the 
commercial  formulation  was  also  toxic.  Only  algae  and  Oaphrla  exhibited  a 
toxic  response  to  water  soluble  forms  of  the  Insecticides  aldrin,  dieldrin 
and  endrin  from  EPA  repository  and  commercial  sources.  As  vlth  the  two 
herbicide  sources,  the  corr.erclal  form  of  two  of  the  Insecticides  was  more 
toxic.  Thus,  testing  of  herbicides  and  Insecticides  Intended  for  field  use 
suggests  that  bioassays  may  be  necessary  to  assess  the  bloavallabll Ity  of 
components  In  commercial  product  formulations.  Results  from  use  of  all  three 
chemical  subgroups  Indicate  that  the  algae  bioassay  may  be  the  most 
sensitive.  Since  earthworms  appeared  to  be  most  resistant  to  chemicals  from 
the  three  subgroups,  we  developed  an  additional,  more  sensitive,  soil  contact 
phytoassay  based  on  lettuce  seed  germination. 

Our  evaluation  of  soils,  soil  elutriates  and  surface  and  groundwater 
samples,  from  the  Rocky  Moi.'ntain  Arsenal  (RMA)  and  seven  other  sites  where 
the  major  contaminants  were  known,  shows  that  results  from  bioassays  can  aid 
In  ascertaining  the  presence  or  absence  of  some  types  of  contamination. 


Again,  algal  bioassays  were  generally  most  sensitive,  but  it  usually  would 
not  be  possible  to  ascertain  the  toxic  components  in  the  absence  of  other 
assay  results.  Bioassays  of  nine  additional  RMA  samples,  where  the  contami¬ 
nant  history  was  unknown,  showed  that  the  earthworm  and  lettuce  seed  soil 
contact  bioassays  were  most  sensitive,  while  elutr-^ates  stimulated  algal 
growth.  The  lettuce  root  elongation  test,  using  100%  elutriate,  also  indi¬ 
cated  the  presence  of  toxic  components,  but  was  less  sensitive  than  the  let¬ 
tuce  seed  soil  contact  test.  We  believe  that  these  results  suggest  the 
presence  of  low  levels  of  water  soluble  metals  and  possibly  pesticides. 

In  order  to  illustrate  how  bioassay  results  could  be  used  to  map  the 
toxic  potential  of  a  waste  site,  we  conducted  a  small-scale  field  study  in  a 
portion  of  Basin  A  at  the  Rocky  Mountain  Arsenal.  We  developed  seed  mortal¬ 
ity  maps  by  kriging  the  results  from  lettuce  seed  phytoassays  of  36  logarith- 
mically  spaced  soil  samples  (about  4000  m  )  at  two  depths  (0  -  15  cm  and 
15  -  30  cm).  Estimated  mortality  over  the  sampling  area  (as  well  as  observed 
mortality  at  sample  points)  was  greater  at  the  15  -  30  cm  depth.  These 
results  indicate  that  bioassay  of  soil  samples  from  a  statistically  designed 
field  study  area,  accompanied  by  kriging,  can  aid  in  defining  the  extent  of 
contamination  and  in  site  cleanup  decisions.  Other  bioassays  conducted  using 
these  same  samples  (when  sufficient  sample  was  available)  indicate  that  the 
modified  lettuce  seed  phytoassay  was  most  sensitive,  followed  by  the  earth¬ 
worm  assay.  Earthworm  mortality  was  only  correlated  with  lettuce  seed  mor¬ 
tality  when  the  latter  parameter  was  over  70%.  Thus,  the  earthworm  assay  may 
lack  sensitivity  for  mapping  certain  sites. 
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